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(57) Abstract 

A flowmeter having a non-r«tum valve suitable for use is systems for supplying fuel to petrol or diesel engines or 
systems for supplying spraying liquid to agricultural or horticultural spraying equipment. The valve includes a valve body 
having an inlet section formed with a fluid inlet and an outiet section having an end waU formed with fluid outlet means m 
the form of one or more slits. The outlet section is made up of one or more parts, each of which tapers in a direction from 
the fluid inlet towards the fluid outlet means. The or each part of the outlet section has an elongate end wall, which forms a 
part of the end waU of the body and is formed with a slit of the fluid outlet means, and two side walls, each of which slopes 
towards the associated end wall and terminates at a longitudinaUy extending side of the end wall. The end wall and side 
walls are made of resiUent material. Each slit is closed when the pressure of fluid inside the outlet section is less than or 
equal to the pressure outside but opens when the pressure of fluid inside the outlet section is greater than the outside pres- 
sure. 
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IMPROVEMENTS IN NON-RETURN VALVES 



This inveation relates to flowmeters having non-return 

valves* 

In ayatema used fpr supplying fuel to many petrol or 
diesel engines, particularly those vhich employ an engine driven 
5 mechanically operated lift pump, the flow of fuel is subject to 
interruptions and there may even be a reversal of the flow of 
fuel. 

This is partly because the pump itself causes pulsations, 
essentially at a frequency equal to one half of the engine 
10 r.p.m. Superimposed on these pulsations, however, are 

Interruptions to the flow which are caused by the opening and 
closing of the carburettor needle valve or valves • The nature of 
these interruptions varies with the fuel demand of the engine and 
with vibration- 

15 In addition, the colxmn of fuel in the pipe leading 

from the tfink to the carburettor almost invariably cont^ns 
bubbles of petrol vapour and/or a±r* This has three effects. 
First, the fuel travels in spurts as each bubble of vapour or air 
reaches and passes through the carburettor needle valve* 

20 Secondly, the column of fuel, vapour and/or air is compressible. 
Finally, expansion of the compressed vapour and/or air tends to 
produce a localised reversal of flow on the suction stroke of the 
fuel pump. 

Because of these pulsations, interruptions and 
25 reversals of the fluid flow, axial flow turbines, pelton wheels 
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and fasx type inferential f lownetera currently used to measure the 
flow of fuel in internal combustion engines are subject to 
serious errors* 

Thus, an aadal flov turbine is not affected by sudden 
5 spurts in the flow rate since it cannot rotate faster than its 
natural speed for a given rate of flow of fluid past its vanes. 
It is, however, susceptible to flow reversals, particularly if 
the response rate is fast enough for the turhine to rotate in the 
reverse direction, the same volume of fuel being sensed and 

10 recorded for a second time when the turbine moves in the reverse 
direction and then again when it moves forwardly. This tendency 
to rotate in the reverse direction is greatest at low flow 
rates- The pelton wheel and fan type flowmeters are not so 
directly susceptible to a reversal in the flow of fuel owing to 

\3 their greater inertia hence slower response time* However, 
the fact that some fuel has moved in the reverse direction means 
that it is sexised and recorded for a second time when it moves 
forwardly again- 

To overcome .the above prohlems it is desirable to 

20 provide a non-return valve which allows fuel to flow readily in 
the forward direction whilst preventing, or substantially 
preventing, flow in the reverse direction • 

According to the present invention there is provided a 
flowmeter having a non-return valve connected in series therewith 

25 and comprising a valve hody having a fluid inlet, fluid outlet 
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means formed in an end wall of the body, and an outlet section, 
wherein the end wall comprises at least one elongate part formed 
with a slit which is comprised in the fluid outlet means and 
which extends lengthwise of the said part, and the outlet section 
5 comprises at least one part which tapers in a direction from the 
fluid inlet towards the fluid outlet means, the or each tapering 
part of the outlet section comprising a pair of side walls each 
of which slopes towards an associated elongate part of the end 
wall and terminates at a longitudinally extending side of the 

10 said pcLct of the end vail, the said side walls and the said end 
wall of the body being formed by a resilient material and being . 
30 arranged that each slit is closed to prevent or substantially 
to prevent a flow of fluid through the slit when the fluid 
pressure inside the associated part of the outlet section is less 

^3 than or ec^nal to the pressure outside the body and each slit is 
forced open to allow fluid to flow through the slit when the 
fluid pressure inside the associated part of the outlet section 
is greater than the pressure outside the body. 

Preferably, the end vail is formed of a single elongate 

20 part which extends through a longitudinal axis of the body, and 
the fluid outlet means are formed of a single slit which extends 
lengthwise of the said single part of the end wall. 

Alternatively, the end wall comprises a plurality of 
elongate parts, each of the said parts extending outwardly from a 

25 location on a longitudinal axis of the body, and the fluid outlet 
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means comprise a plurality of slits , each, formed in a respective 

one of the elongate parts. 

Preferably, each of the said side walls is planar- 
Preferably, the or each elongate part of the end vail 
5 has a width which is equal or substantially equal to twice the 

thickness of each of the pair of side walls associated 

therewith. 

Suitably, the valve body also comprises a tubular inlet 
section, open at one end to form the said fluid inlet. 
^0 The invention will now be described, by way of example, 

with reference to the accompanying drawings, in which: - 

Figure 1 is an axial section of a flowmeter having a 
non-return valve according to the invention; 

Figure 2 is a plan view of a valwe body in the non- 
1 5 return valve of Pigure 1 ; 

Figures 3a, b and c are end views of the valve body of 
Pigure 1 showing a fluid outlet of the body in closed, partially 
open and fully open positions; and 

Figures 4 and 5 are perspective views of valve bodies 
20 in non-return valves in ftirther flowmeters according to the 
invention- 
Referring to Figure 1 of the drawings, a preferred form 
of f lomaeter and non-return valve according to the invention is 
used in a system, for supplying fuel from a tank to a petrol 
25 engine in a motor vehicle- 
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As shown in the drawing, a flowmeter 6 of the 
inferential type has a bladed rotor element 8 so arranged in a 
pipe 10 that fuel flowing along the pipe causes the element to 
rotate at an angular speed proportional to the rate of flow of 
5 fuel. In the flowmeter of Figure* 1 the element 8 is a turbine, 

but the flowmeter could be a pelton wheel or fan type inferential 
flowmeter. 

The speed of rotation of the rotor element 8 is 
detected by means of a beam of light which is directed on to the 

10 element 8 via a light guide 12. A radially outer face of each 

blade 16 on the element 8 moves across the light beam once during 
each rotation of the element. Light reflected from the blades 16 
is directed ria a further guide 14 to a photosensitive detector 
(not shown)- An electrical output signal generated by the 

15 detector has a freauency proportional to the speed of rotation of 
the element 8, and hence proportional to the rate of flow of 
fuel. 

Connected to an outlet 5 of the flowmeter 6 is a non- 
return valve 16. The valve 16 has a housing 1 which connects the 
20 outlet 5 to a- pipe 3f which in turn is connected to a 

carburettor. The housing is made up of a short tubular inlet 
section 7 which is connected to the pipe 3 and a main section 9f 
which has a larger diameter than the section 7- 

Pitted tightly within the main section 9 of the housing 
25 1 is a valve body 1 1 which is formed by moulding and has an inlet 
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section 15 and an outlet section 15* The inlet section 15 is in 
turn fitted over the outlet 5 of the flowmeter. 

The inlet section 1 5 of the "body 1 1 is tubular and has 
an external diameter substantially equal to the internal diameter 
5 of the TBft-iTi section 9 of the housing 1 . An opening at one end of 
the inlet section 15 serves as an inlet 17 to the body 11. 

'She outlet section 15 i3 formed as a single part which 
tapers in a direction from the fluid inlet 17 towards fluid 
outlet means in the form of a slit 19* The slit 19, which is 

10 preferably produced by a single knife cut after moulding t^e body 
11, extends lengthwise of an elongate end wall 25, which is also 
formed as a single part and extends through the axis of the body 
11. A pair of ^ide walls 21 of the section 15 slope in a 
direction towards the end wall 23 f cadi side wall being planar 

15 and terminating at a longitudinally extending side of the wall 
25. 

The housing 1 is made of a rigid metallic or plastics 
material and the valve body 11 is a moulding of a synthetic 
rubber f polyvinyl chloride or other resilient material which is 
20 not attacked by hydrocarbon fuels. 

In use J fuel from the tank is pumped along the pipe 
leading towards the carburettor and flows through the outlet 5 of 
the flowmeter and into the inlet section 1 5 of the body 1 1 • The 
shape of the outlet section 15 and the resilience of the materiel. 
25 from which the section is made ensures that the outlet 19 remains 
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in Its naturally closed position as long as the pressure applied 
to the fuel inside the hcdy 11 is less than or equal to the 
pressure eiiflting on the lUel downstream, ie- in the pipe 3- The 
condition is shown in Figure 3a. When the pressure of fuel 
5 inside the hody 1 is increased to a value above the pressure 
downstream, however, the slit forming the outlet 19 begins to 
open. The situation when the ontlet 19 is partially open is 
shown in Tigure 5b and the situation when the differential 
pressure has increased still further and the outlet 19 is f^Uy 

10 open is shown in Figure 3o. 

!Che area of the aperture formed by the opening of «ie 
slit 19 is roughly proportional to rate of flow of ftael through 
the valve.. As the flowmeter decreases towards the end of the 
fuel pomp delivery stroke, the aperture begins to close until at . 

15 the start of the suction stroke, when there is a tendency for the 
flow direction to reverse, the slit is almost completely closed. 
Ihe final shut-off action under typical operating conditions of 
between 4 and 25 cycles per second (480 to 3,000 engine r.p.m.) 
is sufficiently rapid to prevent the return flow of any 

20 significant volume of fuel- 

The preferred form of valve body 1 has an Inlet section 
which is 0.6 inches long and an outlet section which is 0.7 
indies long. In the inlet section 13 the side wall ia 0.10 
inches thick whilst each of the sloping side walls 21 in the 

25 outlet section 15 has a thickness of 0.03 inches. The end wall 
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of tlie outlet section 15 is 0-4 inches long and 0.05 inches 
vide* 

In a pulsating flov as produced "by a mechanical fuel 
pump, the instantaneous flow rate increases from zero to a peak 
5 and suhsides again, following approximately the fona of a sine 
vave- The opening of the slit 19 is such that the area of the 
aperture produced is roughly proportional to the flov rate* 

In a valve of the dimensions described ahove, a gap of 
0*005 inch at the centre of the slit is sufficient to pass a flov 
10 of 3 to 4 gallons per .hour-^ petrol at average fuel pump 
pressure (5 to 7 P*S.I.). 

Since the valve has virtually no inertia and the 
physical movement reqiuired to close the aperture la so small , it 
can effectively shut off any reversal of flov almost 
1 5 instantaneously* 

Referring nov to Figure 4 of the drawings, a valve body 
25 in a second non-return valve according to the Invention has an 
inlet section 27 and an outlet section 29* 

The inlet section 27 corresponds to the inlet section 
20 15 of the valve hody described above, being tubular and having an 
opening (not shovn) at one end vhich serves as an inlet to the 
body 25* 

In the valve body 25 the outlet section 29 is formed of 
three parts 31 , each of which tapers in a direction from the 
25 fluid inlet towards fluid outlet means 33* Bach of the parts 31 
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has an elongate end vail part 35 and a pair of side walls 37 • 
Each of the side walls 37 slopes towards the associated end wall 
part 35 and terminates at a longitudinally extending side of the 
end wall part- 

5 Each of the end wall parts 35 extends radially 

outwardly from a location on the axis of the body 25- The parts 
35 are ecjuiangularly spaced and together form an end wall 59 of 
the valve "body 25 • 

The fluid outlet means 33 are formed of three slits 41 , 
10 each formed in and extending lengthwise of a respective one of 
the parts 35 of the end wall 59* 

The valve hody 25 is made of any one of the materials 
referred tO; above as being suitable for tbe body 11* 

Operation of the valve body 25 is likewise similar to 
1 5 operation of the body 1 1 • Bach slit 41 remains closed when the 
fluid pressure inside the body 11 is less than or equal to the 
fluid pressure downstream of the body. When the pressure of 
fluid inside the body 11 is increased to a value above the 
pressure downatreamf each of the slits 41 begins to open. 
20 Figure 5 shows a valve body 43 which has an outlet 

section 45 formed of four tapering parts 47. Bach part 47 has a 
pair of sloping side walls 49 and an end wall part 51 which 
extends radially outwardly from a location on the axis of the 
body 43- Formed in each end wall part 51 is a slit 53* 
23 The valve body 43 is made of the same materials and 
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operates in a similar manner to the valve bodies 11 to 25 
described above* 

It will be appreciated that the non-return valves 
described above can be used in conjunction with flowmeters 
5 measuring the rate of supply of other liq^uids, for example the 
rate of supply of spraying liquid in agricultural and 
horticultural spraying eq^uipment. 



wo 83/02320) 



PCT/GB82/0O355 



-11- 

CLAIMS 

1 . A f lovneter having a non-return valve connected in 
series therewith and comprising a valve body having a fluid 
inlet, jTluid outlet means formed in an end wall of the body, and 
5 an outlet section, wherein the end wall comprises at least one 
elongate part formed with a alit which is comprised in the fluid 
outlet means and which extends lengthwise of the said part, and 
the outlet section comprises at least one part which tapers in a 
direction from the fluid inlet towards the fluid outlet means, 

10 the or each tapering part of the outlet section comprising a pair 
of side walls each of which slopes towards an associated elongate 
part of the end wall and terminates at a longitudinally extending 
side of the said part of the end wall, the said side walls and 
the said end wall of the body being formed of a resilient 

15 material and being so arranged that each slit is closed to 

prevent or substantially to prevent a flow of fluid through the 
slit when the fluid pressure inside the associated part of the 
outlet section is less than or e^ual to the pressure outside the 
body and each slit is forced open to allow fluid to flow through 

20 the slit when the fluid pressure inside the associated part of 
the outlet section is greater than the pressure outside the 
body. 

2. A flowmeter as claimed in claim 1 , wherein the 
non-return valve is connected to an outlet of the flowmeter. 
25 3* A flowmeter as claimed in claim 1 or 2, wherein the 
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or each silt is formed by a single cut In the associated elongate 
part of the end wall. 

4- A flowmeter as claimed in claim 1 » 2 or 3» vherein 
the end vail is formed of a single elongate part vhlch extends 
5 through a longitudinal axis of the body> and the fluid outlet 

means are formed of a single slit vhlch extends lengthvlse of the 
said single part of the end vail. 

5» A flowmeter as claimed in claim 1 , 2 or 3» wherein 
the end wall comprises a plurality of elongate parts, each of the 
10 said parts extending outwardly from a location on a longitudinal 
axis of the body, and the fluid outlet means comprise a plurality 
of silts y each formed in a respective one of the elongate parts. 

6« A flowmeter as claimed in any one of the preceding 
olaijns vherein each of the said side vails is planar* ' 
1^ 7* A flowmeter as claimed in any one of the. preceding 

claims » vherein the or each elongate part of the end vail has a 
vidth vhlch is eq.ual or substantially equal to tvle the thickness 
of each of the pair of side valla associated therewith* 

8* A flovmeter as claimed in any one of the preceding 
20 claims, vherein the valve body farther comprises a tubular inlet 
section y open at one end to form the said fluid ■ini A-fc- 

9- A flowmeter constructed , arranged and adapted to 
operate substantially as hereinbefore described with reference 
tOt and as illustrated in, the accompanying drawings. 
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